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(54) FIELD ELECTRON EMITTING ELEMENT AND MANUFACTURE THEREOF, FLAT DISPLAY 
DEVICE USING THE FIELD ELECTRON EMITTING ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface electron beam 
emitting source which is easy to manufacture, having high electron 
emitting efficiency and free from beam spreading by constituting an 
electron acceleration layer, provided on an element together with 
an emitter electrode for emitting electrons by electric field and a 
drawing electrode from a porous silica film. 
SOLUTION: This field electron emitting element comprises a 
porous silica film 1, formed on a conductive substrate 2 and an 
upper electrode 3 formed thereon. As the conductive substrate 2, a 
glass substrate having a metal film such as gold, aluminum, or 
platinum formed thereon, or Si substrate doped heavily in n-type 
can be used. The porosity of the porous silica film 1 constituting 
the electron acceleration layer is preferably set to 70-99%. Since 
an MIM (metal-insulator-metal) type electron emitting element 

using the porous silica film is drivable at a low voltage and has low capacity, it is applicable to a large- 
area flat display capable of displaying a dynamic image. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the field-electron-emission component characterized by said electronic acceleration layer consisting 
of porosity silica film in the field-electron-emission component which pulled out with the emitter electrode and 
electronic acceleration layer which carry out electron emission, and was equipped with the electrode by electric 
field. 

[Claim 2] The field-electron-emission component according to claim 1 to which said emitter electrode, said 
electronic acceleration layer , and said drawer electrode are characterized by carrying out the laminating up and 
down. 

[Claim 3] The field-electron-emission component according to claim 1 characterized by connecting them to a serial 
electrically while said emitter electrode, said electronic acceleration layer, and said drawer electrode are formed on 
the same field. 

[Claim 4] The void content of the porosity silica film which constitutes said electronic acceler ation layer is a field- 
electron-emission component given in any 1 term among claims 1-3 characterized by being 70% - 99%. 
[Claim 5] The thickness of the porosity silica film which constitutes said electronic acceleration layer is a field- 
electron-emission component given in any 1 term among claims 1-3 characterized by being 1000A - 5 micrometers. 

[Claim 6] It is a field-electron-emission component given in any 1 term among claims 1-3 characterized by 
depositing the particle which consists of a conductive ingredient or a semiconductor material in the hole of the 
porosity silica film which constitutes said electronic acceleration layer. 

[Claim 7] The manufacture approach of the field-electron-emission component characterized by forming said 
electr onic acceleration layer with the porosity silica film in the manufacture approach of the field-electron-emission 
component which pulled out with the emitter electrode and electronic acceleration layer which carry out electron 
emission, and was equipped with the electrode by electric field. 

[Claim 8] The flat-surface display unit which opposite arrangement is carried out among claims 1-6 in the source of 
electron emission which comes to arrange a field-electron-emission component on a substrate in the shape of a 
matrix and this source of electron emission given in any 1 term, and is characterized by having the display which 
performs a luminescence display by receiving the electron emitted from said source of electron emission. 
[Claim 9] The manufacture approach of the flat-sur face display unit characterized by carrying out opposite 
arrangement of the display which performs a luminescence display by receiving the electron which has arranged the 
field-electron-emission component given in any 1 term in the shape of a matrix on a substrate among claims 1-6, 
formed the sour ce of electr on emission, and was emitted from this sour ce of electron emission in said source of 
electron emission. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the flat-surface display unit adapting a field-electron-emission 
component and its manufacture approach, and this field-electron-emission component, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] Development of the electron emission mold flat- surface display which aimed at a 
large area and low-power-ization (efficient) is furthered with progress of an information society. 
[0003] As an electron emission component used for such an electron emission mold flat-surface display, the thing 
of FE mold (Field Emission) and an MIM mold (Metal-Insulator-Metal) is studied. 

[0004] Electron emission of the electron emission component of FE mold is carried out from conic emitter top-most 
vertices on the heavy current community by gate voltage. The driver voltage is several 10V, effectiveness is 100% 
of abbreviation and it is thought as compared with the plasma display (PDP) or the liquid crystal display (LCD) that 
low-power-izing is easy for it. 

[0005] Moreover , the electron which carried out tunneling of the insulating layer (one layer) to which the heavy 
curr ent community is impressed applies the electr on emission component of an MIM mold to a display using the 
phenomenon which penetrates an up electrode and is emitted into a vacuum. 

[0006] In order that there may be no horizontal electric- field component, even if the beam diver gence in the inside 
of a vacuum is small and does not pr epare a convergence electr ode in an MIM mold, application of highly minute 
DISUPUREIHE is possible. Furthermore, since the electron emission section is not exposed to the vacuum, it is 
har d to be influenced of residual gas, and low-vacuum actuation is possible. 
[0007] 

[Problem(s) to be Solved by the Invention] However, two big problems exist in the electron emission component of 
FE mold mentioned above. One of them is the problem of beam divergence, and other one is the problem of 
degr adation by the dirt on the front face of an emitter . 

[0008] By the time the electron emitted from the emitter reaches on an anode electrode for the longitudinal 
direction component of gate electric field, a beam diameter will spread. Although what is necessary is just to set 
distance between the anode gates to about several 100 micrometers in order to make this small, it is necessary to 
lower an anode electrical potential difference to about hundreds of v inevitably. 

[0009] However, in the present condition, the efficient fluorescence ingredient to such a low acceleration electron 
does not exist. 

[0010] on the other hand, in or der that electric field may concentr ate on the electron emission point of FE mold, 
adsorption of residual gas cuts. If water and a carbon dioxide molecule stick to a tip tip front face, it is known that a 
work function will increase and the electron emission characteristic will deteriorate. In order to make the stable 
electron emission maintain, and to maintain an ultr a-high vacuum, development of the closure technique of a 
vacuum housing or getter material is indispensable. 

[001 1] Mor eover, in or der for an electron to carry out tunneling of the insulating layer, it is necessary to make an 
insulating layer into dozens of A, and to control electronic dispersion in a solid-state with the electron emission 
component of the MIM mold mentioned above. Furthermor e, since the specific inductive capacity of an insulating 
layer is also large, interelectrode capacity becomes large, CR time constant becomes long, and the cine mode 
display is considered to be difficult by the large area panel. 

[0012] That is, although it is expected that the conventional FE mold and an MIM mold electron emission 
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component can realize the large area flat-panel display of high brightness though it is a low power, a trouble which 
was mentioned above exists. 

[0013] Since interelectrode capacity is small, it aims at offering the MIM mold electron emission component in 
which a cine mode display is possible, and its manufacture approach, while it can be displayed highly minute, since 
this invention does not have beam diver gence in view of these troubles. 

[0014] Moreover, this invention aims at offering the flat-surface mold display using the electron emission 

component which has such operation effectiveness, and its manufacture approach. 

[0015] 

[Means for Solving the Problem] In the field-electron-emission component which pulled out the field-electron- 
emission component of this invention with the emitter electr ode and electr onic acceler ation layer which carry out 
electron emission by electric field, and was equipped with the electrode, said electronic acceleration layer is 
char acterized by consisting of porosity silica film. 

[0016] Said emitter electrode, said electronic acceleration layer, and said drawer electrode may be the field- 
electron-emission components of the vertical mold by which the laminating was carried out up and down, and this 
field-electr on-emission component may be a field-electron-emission component of the horizontal type electrically 
connected to the serial while said emitter electrode, said electronic acceleration layer, and said drawer electrode are 
formed on the same field. 

[0017] Moreover, as for the void content of the porosity silica film which constitutes said electronic acceleration 
layer, it is desir able that it is 70% - 99%, and, as for the thickness of the por osity silica film, it is desirable that it is 
1000A - 5 micrometers. 

[0018] Mor eover, the particle which consists of a conductive ingr edient or a semiconductor material in the hole of 
the porosity silica film which constitutes said electronic acceleration layer may be deposited. 
[0019] The field-electron-emission component of a configuration of having mentioned above is manufactured by 
forming an electronic acceleration layer with the porosity silica film. 

[0020] Opposite arrangement is carried out in the source of electr on emission which comes to arrange a field- 
electron-emission component on a substrate in the shape of a matrix and this source of electron emission of a 
configuration of having mentioned above, and the flat-sur face display unit of this invention is character ized by 
having the display which performs a luminescence display by receiving the electron emitted from said source of 
electron emission. 

[0021] The flat- surface display unit mentioned above arranges the field-electron-emission component of a 
configuration of having mentioned above in the shape of a matrix on a substr ate, forms the sour ce of electr on 
emission, and is manufactured by carrying out opposite arrangement of the display which performs a luminescence 
display by receiving the electron emitted from this source of electron emission in said source of electron emission. 
[0022] 

[Embodiment of the Invention] Hereafter, an example of the operation gestalt of the electr on emission component 
concerning this invention and the flat-surface display unit using this electron emission component is explained. 
[0023] The electronic acceleration layer of the electron emission component concerning this invention is formed 
with the porosity silica film. 

[0024] The thing using the sol-gel method as a process of this porosity silica is known, that is, a silicon alkoxide 
(TEOS, TMOS) is hydrolyzed in a solvent — making - Si02 from — the becoming humid gel is formed. This 
humid gel contains the solvent in the frame which consists of a three-dimension network of Si-O-Si association. 
Therefore, if a solvent is made to season naturally, the frame of a silica will be destroyed for the surface tension 
committed in a frame, and it will become the silica film with a high consistency. 

[0025] The approach of making sur face tension zero as an approach for sampling a solvent, with the frame of a 
silica maintained by the supercritical drying method and the surface treatment method which carries out canal 
pr ocessing of the front face of a fr ame is learned. Thus, the void content of the porosity silica obtained is controlled 
by the amount of a diluent solvent, and can create the thing to a maximum of 99%. 

[0026] The film which consists of such a porosity silica is formed on a lower electrode, an up electrode is formed 
on it, and it considers as MIM structur e. Thus, since the electr on emission component of the manufactured MIM 
mold has the high void content, it can br ing the specific inductive capacity of an insulating layer close to 1, and the 
high-speed switching oper ation of it becomes possible. 

[0027] moreover — the electron emission component of the conventional MIM mold — an insulating layer — 
aluminum 203 Si02 etc. — since it was the precise film, in order to control electronic dispersion in a solid-state, 
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thickness needed to be made thin to electronic mean free path (dozens of A) extent. Consequently, there was a 
problem that interelectrode capacity will become large further. 

[0028] Since the field-electron-emission component concerning this invention is raised to about 100% in a void 
content, it can lengthen an electronic mean fr ee path by leaps and bounds, and it can enlarge thickness of an 
insulating layer . Moreover, interelectrode capacity becomes small conjointly with specific inductive capacity being 
small, and the further high-speed switching operation becomes possible. 

[0029] Moreover, although driver voltage must be inevitably made high if an insulating layer is thickened, driver 
voltage can be made low by depositing a conductive ingredient or a semiconductor material in the porosity silica 
film. 

[0030] If the porosity silica film which made substrate temperature about hundreds of degrees C is placed into 
semi-conductor gas like hydrocarbon gas or silane gas, the gas molecule to which it stuck in the hole of a porosity 
silica carries out a decomposition polymerization, and the particle (particle size: dozens of A - 100A) of a 
conductive ingredient like graphite and a semiconductor material like silicon is deposited. It is known that the 
decomposition temperature at this time will become lower than the decomposition temperature on the usual front 
face of a substrate. Since membranous conductivity is raised, a fixed diode current is secur able by the low battery 
depositing a conductive ingredient and a semiconductor material. 

[0031] Mor eover, the deposit of semi-conductor particles, such as Si, carries out induction of the carrier gener ation 
by the hot electron generated by the high electric field impressed to the porosity silica, and also has the 
effectiveness of making a diode current increasing according to a current amplification operation. 
[0032] In the explanation mentioned above, although explained taking the case of vertical mold MIM structur e, the 
porosity silica film can be used also as I layers of horizontal-type MIM structure. 

[0033] That is, on 1 set of electrodes which carry out phase opposite on both sides of the gap of 1 micrometer - 
about 10 micrometers on a substrate, as an electrode gap is straddled, the porosity silica film is formed. A 
conductive ingredient and a semiconductor material are deposited so that a fixed diode current may flow to inter- 
electrode by the approach mentioned above in this silica film. 

[0034] If membrane current flows the inside of a porosity silica, electrons will be scattered about in a hole, and it 
will be emitted to a vacuum out of the film, will reach to the anode electrode with which the high voltage was 
impressed, and will become an emission current. 

[0035] Since a porosity silica film top is a vacuum as compared with vertical mold MIM structure, the emission 
electron does not need to penetrate an up electrode and such horizontal-type MIM structure has the advantage that 
the silica film with a higher void content can gather effectiveness. 

[0036] As stated above, a low-battery drive is possible for the electron emission component of the MIM mold using 
the porosity silica film, and since it is low capacity, it becomes applicable [ large area flat-surface DISUPUREIHE 
in which a cine mode display is possible ]. 
[0037] 

[Example] Hereafter, based on a concrete example, the field-electron-emission component concerning this 
invention and the flat-surface display using this field-electron-emission component are explained in more detail. 
[0038] Based on drawing 1 , the example 1 of this invention is explained below the <example 1>. 
[0039] As the field-electron-emission component of an example 1 is shown in drawin g 1 , the porosity silica film 1 
is formed on the conductive substrate 2, and the up electrode 3 is formed on it. 

[0040] As a conductive substrate 2, that by which metal membranes, such as gold, aluminum, and platinum, were 
formed on the glass substrate, Si substrate doped by n mold at high concentration can be used. 
[0041] Next, the manufacture approach of the field-electron-emission component of an example 1 is explained. 
[0042] In or der to manufacture the field-electron-emission component of this example, the porosity silica film is 
first formed with a sol-gel method. As the 1st solution, the hydrochloric acid was mixed with TEOS (tetra-ethoxy 
silane), ethanol, and water at a rate of 1:3.8:1.1:0.0007 by the mole ratio. Mixed liquor was flowed back for 90 
minutes at 60 degrees C after that. By the volume ratio, it mixed at a rate of 10:1 :x, and this mixed liquor, the 
aqueous ammonia of concentration 0.2M, and ethanol were stirred for 15 minutes. Here, x was changed in 10 to 50 
in the amount of dilution of ethanol. 

[0043] Membranes were formed on Si substrate doped by n mold at high concentration with the spin coat method 
after mixing in the place where the viscosity of a solution became 10-20 mPa-sec. The substrate was dipped into 
the ethanol solution after membrane formation. 

[0044] Next, it is a liquid CO 2 about the ethanol which puts in this substrate in an autoclave and is contained in the 
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film. It permuted. Then, the temperature up was carried out to 40 degrees C, and the internal pressure was made 
into 90 atmospheric pressures. This condition is C02. Since it is beyond a supercritical condition (31 degrees C, 
72.8 atmospheric pressures), it is C02 in the film. It is the supercritical fluid which surface tension does not 
commit. It is C02, fixing temperature to 40 degrees C, after maintaining in the state of supercritical for 15 minutes. 
It discharged gradually and the pressure was returned to one atmospheric pressure. Then, temperature was lower ed 
gradually, it returned to ordinary temperature, and the substrate was picked out from the autoclave. 
[0045] Thus, in the formed film, since the hydroxy 1 group and the alkyl group were adsorbing, annealing 
processing was carried out at the temperature of 450 degrees C in nitrogen gas for 2 hours, and these adsorbate was 
desorbed. 

[0046] Thus, the thickness and the void content of the porosity silica film which were formed were calculated from 
the amount x of dilution ethanol, and the refr active index for which it asked by the contact process thickness gage 
and the ellipsomter depending on spin coat conditions, respectively. 

[0047] Next, on the porosity silica film obtained by the above-mentioned approach, by mask vacuum evaporationo, 
membranes were formed in thickness of lOnm, and the golden electrode with a diameter of 5mm was made into 
MIM structure. 

[0048] Thus, the manufactured electron emission component was put in in vacuum devices, and it exhausted up to 
1.3x10 to 4 Pa. 

[0049] Between the substrate and the up electrode, the up electrode was just carried out, the electrical potential 
difference was impressed, while acting as the monitor of the diode curr ent which flows there, the electrical potential 
difference of lkV was impressed to the anode plate set in location of 10mm on the substrate, and the emission 
curr ent was measured. 

[0050] The following table 1 summarizes the electron emission characteristic over the void content and thickness of 
the porosity silica film which were obtained by doing in this way. 70 - 99% of void contents and the electron 
emission characteristic good at 0.1-5 micrometers of thickness were acquir ed so that clearly from Table 1. 



[0051] 
[Table 1] 


Na 


00 


IK* 
(#m) 


00 




^ItCmA/cm 2 ) 


00 


1 


70 


0.1 


10 


21 


2 


8.7 


2 


70 


0.2 


30 


33 


5 


13 


3 


85 


0.3 


20 


40 


8 


17 


4 


85 


0.6 


40 


55 


15 


21 


5 


99 


1 


20 


86 


18 


17 


6 


99 


5 


100 


98 


30 


23 



[0052] The field-electron-emission component of the <example 2> example 2 created the porosity silica film 
according to the same process as an example 1 . The void content of the obtained film was 85%, and thickness was 
0.6 micrometers. This film is placed into the ethylene gas ambient atmosphere diluted with nitrogen gas to 1%. The 
quantity of gas flow was taken as a part for 11./. The substrate was heated to 400 degrees C in this condition, and 
the carbon particle was deposited in the hole. 

[0053] Next, when the up electrode was formed like the example 1 and the electron emission characteristic was 
measur ed in the vacuum, it was able to become diode current density 80 mA/cm2, emission current density 21 
mA/cm2, and 21% of effectiveness by driver voltage 30V, and the good property was able to be acquired from the 
field-electron-emission component of an example 1 . 

[0054] After measur ement, when the cross section of this field-electron-emission component was observed under 
the tr anspar ency electron r ay microscope, it was observed that the gr aphite particle of the diameter of several 10A 
deposits in the hole of the silica film. 

[0055] The field-electron-emission component of the <example 3> example 3 puts the porosity silica film (85% of 
void contents, 0.6 micr ometers of thickness) obtained in the same process as an example 1 on the silane gas 
ambient atmosphere diluted to 1% by argon gas in the reaction chamber. The quantity of gas flow was considered 
as a part for 100 cc/, and substrate temperature was set as 500 degrees C, and was held for 1 hour. 
[0056] Next, when the up electrode was formed like the example 1 and the electron emission characteristic was 
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measured in the vacuum, it was able to become diode current density 50 mA/cm2, emission current density 20 
mA/cm2, and 29% of effectiveness by driver voltage 30V, and the good property was able to be acquired from the 
field-electron-emission component of an example 1. 

[0057] After measurement, when the cross section of this field-electron-emission component was observed under 
the transparency electron ray microscope, it was observed that the silicon particle of the diameter of several 10A 
deposits in the hole of the silica film. 

[0058] As shown in drawing 2 , on the glass substr ate 5, the field-electron-emission component of the <example 4> 
example 4 formed 2000A of gold films by having used 50A of Ti film as the under-coating layer, and formed the 
electrode 4 of the pair which carries out phase opposite according to a HOTORISO process by the gap length of 2 
micr ometers, and gap width of face of 300 micrometer s. On this electrode gap, 99% of void contents and the 
porosity silica film 1 of 0.5 micrometers of thickness wer e formed by the approach shown in the example 1. 
Furthermore, the carbon particle was deposited in the porosity silica by the approach shown in the example 2. 
[0059] Thus, when the manufactured field-electron-emission component was put in in the vacuum housing of 
1.3x10 to 4 Pa, the electrical potential difference of 30V was impressed to inter-electrode and lkV was impressed 
to the anode electrode set to 10mm upper part, 25mA was obtained as a diode current and 860microA was obtained 
as an emission current. 

[0060] <Example 5> The examples 1-4 mentioned above explained one electron emission component. Although 
various things can be considered as an application of such an MIM mold electron emission component, the example 
5 applied, for example to the flat-surface display unit is explained below. 

[0061] The flat-sur face display unit of an example 5 consists of a display 14 which per forms a luminescence 
display in r esponse to the electron emitted from the source 13 of electron emission which comes to accumulate the 
field-electr on-emission component explained in the example 1, and this source 13 of electron emission, as shown in 
drawing 4 . 

[0062] The creation appr oach of this source 13 of electron emission is explained using d rawing 3 and 4. 

[0063] First, an address line is created by dividing the base electrode formed on the substr ate 5 into the band-like 

base electrode 6 of a large number which adjoin each other in the direction of X by etching ( drawing 3 (a)). It 

continues and the insulating layer 7 between wiring is formed on a glass substrate 5 ( drawing jj (b)). 

[0064] Next, on each band-like base electrode 6, a through tube 8 is formed in the insulating layer 7 between wiring 

at the predetermined spacing, and the fr ont face of a base electrode 6 is exposed. Then, the porosity silica film 1 is 

formed in the whole surface by the approach mentioned above ( drawing 3 (c)). 

[0065] It divides into the band-like electric conduction film 9 of a large number which adjoin each other in the 
direction of y which intersects perpendicularly with the above-mentioned base electrode by etching etc., after 
continuing and forming the electric conduction film 9 over the whole surface ( drawing 3 (d)). Thus, a data line is 
created. 

[0066] According to the above process, the source 13 of electron emission which comes to accumulate many 
electr on emission components in the shape of a matrix can be obtained. 

[0067] The method display 14 of - consists of the transparence substrate 10, a luminescence fluorescent substance 
1 1 applied on it, and a metal membrane (metal back) 12 further formed on it. It arranges so that it may face each 
other in the metal back side and the source of electron emission of this display 14, and it pastes up on both sides of 
an outer frame (un-illustrating), and a vacuum housing is formed. 

[0068] Thus, each electron emission component mentioned above constitutes 1 pixel from a constituted flat-surface 
display unit. Moreover, in this flat-surface display unit, the same approach as the liquid crystal display equipment 
of the active-matrix method which used TFT as the drive approach is employable. That is, the address line 
constituted with the above-mentioned base electrode 6 and the data line constituted with the electric conduction 
film 9 are connected to the drive drivers 15 and 16, respectively. And an electron is made to emit from the electron 
emission component prepared in the part at which each Rhine crosses by operating these drive drivers 15 and 16, 
choosing the address line of arbitration, and a data line, and impr essing an electrical potential difference. 
[0069] If the high voltage is given to the metal membrane 12 prepared in the above-mentioned display 14 at this 
time, the emitted electron can be drawn near to the above-mentioned metal membrane, can penetrate it, and can 
make the fluorescent substance 1 1 under it emit light. 
[0070] 

[Effect of the Invention] The field-electron-emission component of this invention is an MIM mold field-electron- 
emission component, a porosity silica is used as an insulating layer, or what deposited the conductive particle and 
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the semi-conductor particle in the porosity silica is used for it. 

[0071] By considering as such a configuration, manufacture is easy, electron emission effectiveness is high, and a 
field- like electron beam emitter with little beam divergence can be offered. 

[0072] Moreover, the display unit which makes a good cine mode display possible can be obtained by accumulating 
such an electron emission component and constituting a flat-surface display unit. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the examples 1-3 of the field-electron-emission component concerning 
this invention. 

[Drawing 2] The block diagr am showing the example 4 of the field-electron-emission component concerning this 
invention. 

[Drawing 3] Process drawing showing the production process of the flat-surface display (example 5) using the 
field-electron-emission component concerning this invention. 

[Drawing 4] The per spective view for explaining the structure of the flat-surface display unit (example 5) using the 
field-electron-emission component concerning this invention. 
[Description of Notations] 

1 Porosity Silica Film 

2 Conductive Substrate 

3 Up Electrode 

4 Counterelectrode 

5 Glass Substrate 

6 Pace Electrode 

7 Layer Insulation Layer 

8 Through Tube 

9 Electric Conduction Film 

10 Transparence Substrate 

1 1 Fluorescent Substance 

12 Metal Membrane (Metal Back) 

1 3 Source of Electron Emission 

14 Display 

15 16 Drive driver 
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[Drawin g 4] 
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